Introduction
The neural crest cells showed a specific sensitivity to mitomycin C, and the neural crest cells in mice treated with mitomycin C were not stained by hematoxylin and eosin. Reports have already been made on the distribution of the neural crest cells in mice embryos of early stage in regard to the characteristics of the staining ability by mitomycin C (Nozue and Kirino 1973 ; Nozue 1973 ; Nozue 1974) .
There are not a few cells of which the origins are obscured and unsettled.
Some of them are thought to be of the neural crest origin, therefore, further study on the distribution of the neural crest cells was done in the embryos, fetuses, and suckling mice.
Materials and Methods
Mouse embryo : 20 female pregnant mice of the ICR-JCL strain were used. They were injected with mitomycin C intraperitoneally from the 9th to the 19th day of pregnancy at a dose of 7.5 mg/Kg, and. sacrificed in the course of 24 to 48 hours after the injection, taking out 42 embryos in total. Suckling mouse:
70 suckling mice of the ICR-JCL strain were used. They were injected with mitomycin C intraperitoneally in the course of 24 hours to 15th days after birth and sacrificed at 24 hours after the injection.
The materials were fixed with Bouin's fixative fluid. Frontal, transverse and sagittal sections. were 5-7 p in thickness and stained with hematoxylin and eosin. In the embryonic stage, the neural crest cells were seen scattered in the thickened oral epithelium, and in the mesenchyme, which may become the lamina propria and submucous layer, many were seen, that is they were present together with the endothelial cells along the blood vessels and were present along the nerve fibers, and further they were seen scattered singly everywhere.
In the suckling mice they were scattered singly in the prickle cell layer and basal cell layer of the epithelium.
In the lamina propria and submucous layer they were present along the blood vessels and nerve fibers, and further they were often scattered singly everywhere, and the number of the neural crest cells was more increased than in the embryos and the density of their distribution in the embryos was higher than in the other connective tissues. Tongue.
In the embryos and suckling mice the neural crest cells were often seen everywhere.
In the taste bud of the embryos the cells of two types were seen, the oval and neural crest cells, and the .cell arrangements were disorderly, but the latter were interposed among the former, or the latter were present in the periphery of the cell group of the former. Glands of the oral cavity.
In all the glands of the oral cavity the terminal portion was provided with the basal cells which are the neural crest cells, and they were found lying between the glandular cells and the basement membrane. Stomach, small and large intestine. The neural crest cells were scattered singly and were present along the nerve fibers in the lamina and submucosa but they were hardly recognized along the small blood vessels in the embryonic stage.
In the muscular tissue they were scattered between the smooth muscular fibers and were present in the nerve plexus.
Further, in the epithelium the neural crest cells were scattered singly, that is to say, in the stomach they were scattered singly between the basement membrane and the glandular cells in the small and large intestines they were interposed between the cells lining the glandular cells, in the large intestine they were often seen singly at the bottom of the crypt. The density of the distribution in the suckling mice was lower than in the embryos, however, the loca-tion was almost the same. Liver. In the walls of the sinusoid the neural crest cells were seen, and further they were scattered in the interlobular connective tissues in the embryonic stage. In the suckling mice they were seen in the walls and inner parts of the sinusoid. Pancreas.
In the later embryonic stage, the neural crest cells were in groups and were contiguous to the gland cells. In the suckling mice, the neural crest cells were often recognized in the islet of Langerhans and were interposed between the cells lining the ducts. Heart.
In the embryonic stage the neural crest cells were often seen in the subendocardial layer, that is, in the sinus node of the impulseconducting system and further in loose connective tissue of subepicardial layer. Spleen. In the suckling mice, the neural crest cells were present as the lining cells of the venous sinus. Bone marrow.
The neural crest cells were scattered slightly together with the erythrocytes, megakaryocytes, and leukocytes in the suckling mice. Lungs.
In the later embryonic stage, the neural crest cells were seen between the smooth muscle in the wall of the respiratory branchioles, in the wall of the alveolar duct, and further they were interposed among the cells lining the alveoli.
In the suckling mice they were seen in almost the same places as in the embryos. Kidney.
In the later embryonic stage and in the suckling mice, the neural crest cells were scattered slightly in the glomerulus, and further they were present in the vessels in the neighbourhood of the entrance of was afferens, and besides they were seen in a certain zone interposed between the was afferens and the distal convolution adjacent to it. Testis. In the embryos and the suckling mice, the neural crest cells were scattered between the spermatogenic cells in the seminiferous tubules, and they were seen together with the Leydig cells in the interstitial tissues between the seminiferous tubules, and further in the other interstitial tissues, in which the seminiferous tubules are absent, the neural crest cells were seen scattered singly. Skin. In the later embryonic stage, the neural crest cells in the cranio-cervical regions were hardly seen in the epithelium consisting of several layers except that in the locally thickened epithelium the neural crest cells were seen singly.
In the lamina propria and submucous layer they were present along the blood vessels and were present in a dispersed state.
The neural crest cells along the small blood vessels were fewer in number than in the oral mucosae.
The density and site of the distribution of the neural crest cells in the skin of the trunk were almost the same as that in the cranio-cervical regions.
In the suckling mice the neural crest cells were seen more than in the embryos, and they were present in the basal layer of the epithelium and were recognized along the vessels, however, the number of the neural crest cells there was fewer than that of the endothelial cells. They were present as the basket cells of the secretory portion of the sweat glands and were seen in the nerve plexus.
Besides, a number of neural crest cells were seen wandering in the lamina propria and submucosa.
The neural crest cells lying in the walls of the small blood vessels were seen more in the skin of the craniocervical regions than in the skin of the trunk.
The neural crest cells were present in the hair follicles and vibrissae. Eye. In the suckling mice the neural crest cells were seen scattered in the retina, except for the pigment layer, especially being present often in the gangliar cell layer and in the optic nerve fiber layer. They were often seen together with Schwann's cell in the optic nerve and in the pial sheath of the optic nerve fibers. Further, in the sclera, choroid, and conjuctiva, the neural crest cells were present.
The density of the distribution of the neural crest cells was higher in the cranio-cervical regions than in other regions, and especially they were much recognized in the oral regions.
In the brain, besides the nucleus caudatus the distribution of the neural crest cells was dense in the putamen and substantia nigra.
Discussions
(A) In the early embryonic stage the neural crest cells in the pia mater were present not only along the wall of the blood vessels but also in the inner parts of the vessels together with the blood cells. In the brain and spinal cord they were seen in the inner parts of the blood vessels and along the walls of the vessels, being seen scattered everywhere, however, they were remarkably recognized especially in the nucleus caudatus, putamen and substantia nigra. The first histological observations on microglia that suggested that they originate outside the nervous system were those of del RioHortega (1919) . He showed that microglia is ameboid, phagocytic cells that invade the central nervous system from the pia mater (del RioHortega, 1932) .
Someone said that microglia are derived from the blood (Kershman, 1939) , others said that they are leukocytes which migrated into the brain from the blood (Dougherty, 1944 ; Adrian and Walker, 1962 : Konigemark and Sidman, 1963 a, b) . In the electron microscopic observation the cells resembling the microglia were seen in the capillaries (Mori and Leblong, 1969) . On the other hand, someone (Fujita, 1972) stated that all the glia cells originated from the glioblast which is of the same origin, and that the cells regarded as microglia might be macrophage.
Even if the neural crest cells in the central nervous system may be macrophages, it will not conflict with the fact that they are of the neural crest origin, though it will be discussed later in this paper.
On the surface of the calcifying bone and in the peritoneum, the neural crest cells were seen togather with the osteoblasts.
It is described that the osteoblast originates from the fibroblast (Bloom and Fawcett, 1964 a). On the other hand, it is thought that the fibroblast is derived from the undifferentiated mesenchymal cell around the blood vessels (Minooka, 1972) and the undifferentiated mesenchymal cells in the neighbourhood of the blood vessels may be the neural crest cells (Nozue, 1973) . The osteoblasts may be of the neural crest origin as well as the odontoblasts.
Between the smooth muscle fibers and the other smooth muscle fibers the neural crest cells were often seen. These may agree with the wandering cells described by Bloom and Fawcett (1964 b) . The neural crest cells were seen between the skeletal muscle fibers, they were interposed between the basement membrane and the cell membran.° of the muscle fibers in cross sections.
The neural crest cells in this position may agree with the satellite cells (Mauro, 1961) . The satellite cells were often seen in the developmental processes of the skeletal muscle, especially in the embryonic stage (Ishikawa, 1966 , 1970 Church, 1969 .
In the suckling mice, the neural crest cells in the hypophysis were seen scattered in the pars distalis and pars intermedia and were often present in the neurohypophysis.
In the pineal body they were seen everywhere, and in the thyroid gland they were seen scattered between the gland cells and the basement membrane of the follicle. They were scattered in the cortex and medulla of the adrenal gland. In the pancreas the neural crest cells were often seen in the islets of Langerhans and were interposed between the cells lining the ducts. In the stomach, small and large intestines, they were seen scattered everywhere, and in the epithelium they were scattered slightly between the basement membrane and the glandular cells.
According to Pearse (1969 Pearse ( , 1971 , polypeptid hormone-producing cells are of the neural crest origin and they take up the amine precursors and decarboxylate them, these cells are pituitary corticotroph, pituitary melanotroph, pancreatic islet a cell, pancreatic islet a, cell,. thyroid and extrathyroid C cell, argyrophile cell in the stomach and intestine, lung endocrine cell, adrenal medulla A cell, etc. The results of the investigation on the distribution of the neural crest cells by us lend some support to Pearse's hypothesis. Mesangium in the glomerulus described by Zimmermann (1933) has been much disputed, but it is established by electron microscopic: observation that it is not an artifact (Yamada, 1955 ; Sakaguchi, 1955 Policard, Collet and Giltaire-Ralyte, 1955 ; Bencosme, Stone, Latta and Madden 1959 ; Movat, 1961) and it resembles the smooth muscle cell (Yamada, 1955 ; Huhn, Steiner and Movat, 1962) . Farquhar and Palade. (1962) said that mesangium resembles the pericyte and is different_ from the endothelial or epithelial cell type, and it is transferred to the smooth muscle cell of the was afferens.
The neural crest cells in the glomerulus may correspond to the mesangium in the embryos and suckling mice.
The neural crest cells in groups in the interposed zone between the vascular pole of the glomerulus and the macula densa adjacent to it may correspond with the juxtaglomerular cells. It is said thatthe juxtaglomerular cells represent the modified arteriolar smooth muscle cells (Ruyter, 1925 ; Oberling, 1927 ; Goormaghtigh, 1932 ; Zimmermann, 1933 ; Goormaghtigh and Handovsky, 1938 ; Obering 1944 ; ; Biva and West, 1966) and that these cells produce and release renin. (Cook and Pickering, 1959 ; Toblan, 1960 ; Edelman and Hartroft, 1961 ; Chandra, Skelton and Bernadris, 1964) , and that in them are recognized the synaptic vesicles believed to characterize the adrenergic nerve fibers (Biva and West, 1966) .
It is assumed that not only the neural crest cells producing the. peptide hormone (Pearse, 1969 ; Pearse and Polak, 1971 ) but all of them will have something to do with amine metabolism in phenylalanine,. (Wilde, 1955 ; Wilde, C. E., Jr., 1955) tyrosine (Wilmer, 1955 (Wilmer, , 1960 and tryptophan (Nozue, 1974) . On the other hand, it is thought that some of the neural crest cells will be related with acetylcholine (Nozue, 1974) .. Further studies on these questions will be necessary. The majority of the recent investigators have described two typesof Leydig cells in the testis. One type is a small, spindle-shaped, immature form, and another is a larger round or polygonal mature form,.. and that the small spindle-shaped Leydig cells are basophilic and they, as well as the mature Leydig cells, may be capable of elaborating the steroids (Montagna and Hamilton, 1951) . Sniff en (1950) found that. these spindle cells mature into typical Leydig cells. It is commonly believed that the new Leydig cells can arise during the adult life by differentiation from the primitive fusiform cells located in the lamina propria of seminiferous tubules or in the adventitia of the blood vessels (Sniff en, 1950 ; Wiliams, 1950 ; Mancini and Nolazco and De La Baize, 1952) . The neural crest cells are basophilic (Dalcq, 1953 ; Nozue, 1971 )-and the location of the neural crest cells in the testis corresponded with the spindle-shaped Leydig cells. The spindle-shaped Leydig cells may be of the neural crest origin.
The neural crest cells along the capillaries, the arterioles and the venules, were seen together with the endothelial cells. The difference in the density of the distribution of the neural crest cells in the blood -vessels was recognized and the neural crest cells were seen remark --able in oral mucosae, in the skin of the cranio-cervical portions and in the skin of the trunk.
They were rarely recognized along the blood vessels in the other organs.
Zimmermann (1923) termed the cells surrounding the walls of the capillaries the pericytes and stated that they are capable of transition to the smooth muscle cells. It is generally believed that the cells in the capillaries are the endothelial cells and the pericyte, and the cells in the arterioles and venules are the endothelial cells, fibroblasts, and the smooth muscle cells (Bloom and Fawcett, 1964 c) . Stout and Murray. (1942) termed the tumor derived from the pericyte the hemangiopericytoma and grouped it into three types ; the tumor consisting of the round cells, the tumor consisting of the round and the spindle-shaped. cells and the tumor consisting of the spindle-shaped cells. They regarded the pericyte as the modified smooth muscle cell.
From the above, it is thought that the pericyte, the fibroblast and the smooth muscle cell along the walls of the small blood vessels, may be of the neural crest origin. It is said that the hemangiopericytoma appeared often in the skin of the cranio-cervical parts and of the trunk, and in the oral mucosae (Stout, 1956) , and the distribution of hemangiopericytoma agreed with the density of the distribution of the neural crest cells along the small blood vessels.
In the walls of the sinusoid in the liver the neural crest cells were seen, and further in the suckling mice they were seen in the -sinusoid. In the walls of the venous sinus of the spleen the neural crest cells were recognized, and in the bone marrow the neural crest cells were scattered among the erythrocytes or the leukocytes.
A concept of mononuclear phagocyte system (Langevoort, 1970) is proposed that the precursor cells of such cells are seen in the bone marrow and they become the monocytes and migrate into the blood vessels and in the target tissues they become macrophages.
The cells regarded as being corresponding to this concept are as follows ; the Kupffer satellite cells, macrophages in the spleen, osteoclasts, microglia.
The origin of the precursor cells in the bone marrow was unsettled.
Ever since the macrophages were said to be derived from the undifferentiated mesenchymal cells (Maximow, 1906) , there has been much dispute on this. The undifferentiated mesenchymal cells are thought to be of the neural crest origin (Nozue, 1973) . A possibility exists that the above ,cells will be of the neural crest origin.
In the skin of the suckling mice the neural crest cells increased more in number than in the embryonic stage and they were often seen in the basal layer of the locally thickened epithelium, and in the pickel layer they were seen rarely.
In the connective tissues of the dermis, they were present in the nerve fibers and along the blood vessels.
Further, they were scattered singly in the connective tissues. The neural crest cells in the epidermis will be related to the " Langerhans cells ". Since Langerhans (1868) first described the presence of the gold-positive dendritic cells in the epidermis, their nature has been an unsettled question.
Masson (1926) regarded them as effete or wornout melanocytes which are being exfoliated with the epidermal cells, while Ferreira-Marques is of the opinion that they are Schwannian cells and that their dendritic processes are nerve fibers.
In the electron microscopic observation, it is said that the fine structure is comparable to that of the melanocyte, and the premelanin granule or melanosome is present, particulary after a prolonged ultraviolet light stimulation, and then they are probably embryonal cells that can differentiate with appropriate stimuli (Gottlieb, Brown, Winkelmann. and Minn, 1965) and that they are transitional cells and secrete the granule (Zelickson, 1965) and that they are the secretory cells (Kilstala and Mustakallio ; 1967) . Langerhans cells are called " light cells ". As light or dark cells have been described in many organs in the preparations stained histologically for the purpose of microscopic observations, it has long been a subject of debate whether these differences in staining were real or artifacts ; light cells in the thyroid (Stux, Thompson, Isler and Leblon.g, 1961) , light cells in the stomach (Feyrter, 1953) , light and dark cells in the cortex of the adrenal glands (Dostiewski, 1886 ; Mulon, 1911 , Hoerr, 1931 . Their presence has been established by electron microscopic observations, and interestingly the origin of these cells is the neural crest according to our investigation. It is postulated that the cytochemical characters in the peptide hormoneproducing cells derived from the neural crest reflect the production. and storage of the hormone precursor protein which has a predominantly random coil conformation (Pearse, 1969) , that the specific stainability of the neural crest cells will have something to do with the greater activity of the specific cell metabolism related to the cyclic AMP or to the cyclic GMP and to the specificity of DNA in them (Nozue, 1974 ; Nozue and Tsuzaki, 1974) . Anyhow, it is suggested that the metabolism of the cells derived from the neural crest may be specific, whether the neural crest cells differentiate or not. (B) It is discussed that the sequence of the DNA nucleotides in the neural crest cells may be specific and that their characters may be related to the hereditary disease (Nozue, 1974) . Etiology of congenital myopathy has been considered as neurogenic or myopathic, however, lately it is said that the neural factors may be related to the etiology (McComas and Sica, 1970) . It is reported that in Werdnin.g Hoffmann's disease a number of satellite cells are recognized and the neuro-muscular diseases occurring in the embryonic stage or in the early infant stage are related to the satellite cells (Haelst, 1970) and that myotonic dystrophy is a hereditary disease with the onset in the muscle, the endocrine, the bone, the retina, and the central nervous system (Pruzanski, 1965) . From the facts that in the insulting organs the neural crest cells are present in the prenatal and postnatal development, it is speculated that the etiology of congenital myopathy may be related to the neural crest cells, and further some of the inherited multi-systemic metabolic diseases may be related to the neural crest cells. Summary (A) In prenatal or postnatal development, the neural crest cells were present in many organs and tissues and some common characters in them were recognized.
1. Some of the neural crest cells were interposed between the cells and the basement membrane in the epithelium of the stomach and intestine, in the glands of oral cavity, in the sweat gland, in the thyroid gland and in the striated muscle.
2. Some of the neural crest cells are regarded as satellite and capsular cells, or supporting cells in the central nervous system, in the cranio-spinal ganglia, in the sympathetic ganglia, in the craniospinal nerve fibers, in the sympathetic nerve fibers, in the taste bud and in the striated muscle.
3. Some of them are regarded as being related to the blood vessels in the central nervous system, in the pia mater, in the kidney, in the testis, in the liver, in the spleen, in the bone marrow, in the cortex of the adrenal gland, and in the small blood vessels in the mesenchyme.
4. Some of them were seen in the endocrinal gland such as in the pineal body, the hypophysis, the thyroid gland, the adrenal gland, the pancreas, the kidney, the testis, the stomach, the small and large intestines.
5. Some of the neural crest origin cells have been described as light or dark cells in many organs in the preparations stained for light microscopic observation, such as in the thyroid, in the stomach, in the cortex of adrenal gland and in the skin.
(B) The density of the distribution of the neural crest cells was higher in the cranio-cervical regions than in other regions, and especially they were much present in the oral-facial regions.
(C) It is assumed that the etiology of congenital myopathy may be related to the neural crest cells, and further some of the hereditary multi-systemic metabolic diseases may be related to the neural crest cells. 
